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Abstract

This paper aims to test whether agricultural insurance significantly impacts farmers’ income
increase or not. We have used the ordinary least squares method (OLS), panel fixed effects,
and system generalized moment estimation (GMM) for the test. The results show that the
increase in agricultural insurance density and the increase in agricultural insurance per cap-
ita compensation positively impact farmers’ income growth significantly. Agricultural insur-
ance density and per capita compensation are the indicators used in this article to measure
agricultural insurance development. Therefore, it can be considered that the development of
agricultural insurance in Guangdong Province (China) can effectively increase the income
level of farmers. Based on the results of theoretical and empirical analysis, combined with
the current situation of agricultural insurance development in Guangdong Province, this
paper finally puts forward relevant countermeasures and suggestions. It provides some
ideas for giving full play to the role of agricultural insurance in promoting farmers’ income
from the perspectives of pertinent system design, subsidy methods, insurance innovation,
service level, and publicity.

1. Introduction

Agriculture is the basic industry of China’s national economy, and it plays an irreplaceable
strategic role in the process of China’s take-off from a small agricultural country to economic
power. Guangdong Province is at the forefront of reform and opening up in the country. The
province’s economic development is among the best in the country, with developed industries
and high levels of urbanization, but there is also the problem of uneven development within
the region. As far as the province is concerned, the three agricultural issues have not been fully
resolved. As agriculture plays a fundamental role in developing secondary and tertiary indus-
tries in the fast-growing Guangdong Province, the issue of agricultural development cannot be
ignored.

Guangdong Province is located in the southeast coastal area. Bai [1] pointed out that
Guangdong is a typical "climate fragile area” with solid convective weather such as typhoons
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and heavy rains in summer, freezing disasters and droughts in winter mountains, and the fre-
quency of natural disasters. And the intensity is at the forefront of the country, causing a severe
impact on agricultural production. Agricultural insurance is an effective risk transfer tool,
which is significant for improving the resilience of the farming output, reducing the losses
caused by natural disasters to agrarian production, and protecting farmers’ overall income. It
is also significant in transferring agricultural risks, economic compensation, and financing.

Several impacts have been taken into measure, the most critical of which is reducing farm-
ers’ income volatility. Although agricultural insurance plays a certain role in promoting agri-
cultural development and stabilizing farmers’ income, what impact will it have on farmers’
income growth? What is the mechanism and extent of the impact? How the government and
insurance companies should play the role of agricultural insurance is still unclear. More schol-
ars are paying attention to the research on economic development in Guangdong Province.
Research on the relationship between farmers’ income is even rarer. This article considers the
contemporary theme of agricultural development and the importance of agricultural insurance
in solving the three rural issues, combined with the current academic research results and
gaps, and determines the research theme.

Agricultural insurance in Guangdong Province has been trial-run since 1985 and has
undergone a very long development process. From 1985 to 1989, Guangdong Province began
to explore the development of agricultural insurance, which was initially held in the form of
Chinese private insurance companies. The average annual premium of agricultural insurance
in Guangdong Province during the five-year period was about 4.2 million yuan, and the com-
prehensive loss rate reached 95%, which was challenging to operate. As of 2019, Guangdong
Agricultural Insurance has provided 78.2 billion yuan of risk protection for agricultural pro-
duction, and the number of provincial-level insured varieties has reached 23. with the scale of
agricultural insurance premiums reaching 6.222 billion yuan, the depth of agricultural insur-
ance reaching more than 1.2%, and the density of agricultural insurance reaching 500 yuan per
person. The income of agricultural insurance premiums has increased exponentially, from 53
million in 2007 to 1.882 billion yuan in 2019, indicating that the development of agricultural
insurance under financial subsidies has achieved excellent results. It can be found that agricul-
tural insurance premium income varies greatly from municipality to municipality.

In the Pearl River Delta region, except For Guangzhou, agricultural insurance premium
income is low. In Shaoguan, Meizhou, Qingyuan, Zhanjiang, Maoming, and other cities, agri-
cultural insurance premium income is higher, reaching 100 million to 300 million yuan. These
five cities are rich in agricultural resources, creating space for the development of agricultural
insurance. The agricultural insurance premium income of Jiangmen, Yangjiang, Zhaoqing,
Heyuan, and Yunfu is in the second echelon, and the premium scale is about 60 million to
8000 yuan. In addition, the development of agricultural insurance in the remaining Foshan,
Zhongshan, Dongguan, Chaozhou, Jieyang, and other areas is relatively backward.

At present, many scholars have paid attention to the problems of agricultural insurance and
agricultural production and have obtained specific research results, which provide some ideas
and enlightenment for the research of this article. At the same time, the research of this article
also has specific innovations. From the perspective of research methods, most of the research
results of predecessors used time-series data for research and mainly used static panel model
analysis due to the lack of consideration of autocorrelation issues. This paper selects the panel
data of 20 cities in Guangdong Province from 2010 to 2019, constructs a panel model of fixed
effects and system generalized moments, and corrects the estimation bias caused by the endog-
enous information problem of the lag term of the explained variable. In this paper, the thresh-
old effect model used by Shi [2] is adjusted in combination with Zhou’s [3] method, which
enriches the threshold to a certain extent. The research idea of the effect also supplements the
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research on agricultural insurance at the provincial level in Guangdong Province. From the
perspective of research, most of the previous studies are based on the national or regional level,
but few studies consider this issue from the standpoint of Guangdong Province. The research
in this article has achieved high quality for Guangdong agricultural insurance to a certain
extent.

This article provides a theoretical basis for effectively playing the role of agricultural insur-
ance. Many scholars in China and abroad have paid attention to agricultural insurance issues,
mainly focusing on the nature of agrarian insurance, influencing demand factors, impact on
farm output and income of farmers, etc. But, research on the impact of Guangdong agricul-
tural insurance on farmers’ income is temporarily limited. Based on previous studies, this
paper uses the agricultural insurance data of 20 cities in Guangdong Province in the past ten
years as the research basis and uses empirical research methods to test the impact of agricul-
tural insurance on farmers’ income. It enriches the research ideas of agricultural insurance
issues at the provincial level to a certain extent.

This paper is constructed as follows: the first section is the introduction, which includes the
research gap, research significance, and key research questions. The next part is a literature
review where we have added related previous studies from Chinese and international scholars.
Chapter three discusses the research methodology. Chapter four presents the empirical analy-
sis, and the next chapter explains the results of the investigation. In the last chapter in the con-
clusion, we have added the study’s summary, limitations, and future scope.

2. Literature review
2.1. Research on the influencing factors of agricultural insurance demand

Scholars have researched the influencing factors of farmers’ demand for agricultural insurance.
They mainly believe that the demand for agricultural insurance is not only affected by farmers’
income. Abraham et al. [4] used a three-stage sampling procedure to select 120 rural house-
holds in their research. A questionnaire survey concluded that age, education level, and agri-
cultural income could influence farmers’ willingness to participate in agricultural insurance.
Moschini and Hennessy [5] believe that farmers’ risk preferences will affect whether they par-
ticipate in agricultural insurance, and farmers with high-risk tolerance tend to bear themselves,
but risk-averse people may not use agricultural insurance to transfer risks. King & Singh [6]
found that insurance demand is replaced by access to private transfers. However, participation
in a farmer’s union contributes to understanding why farmers value index insurance. Coble

et al. [7] proposed that it is usually a single economic factor that affects farmers’ participation
in agricultural insurance and includes farmers’ risk awareness and crop risk status. The study
by Sujarwo et al. [8] proposed that the scale of agriculture, the experience of purchasing agri-
cultural insurance, and even the willingness of farmers’ group meetings will impact farmers’
willingness to accept agrarian insurance. In addition, Age, female gender, and prior insurance
experiences all appear to favor participation in the insurance policy [9].

2.2. Research on the impact of agricultural insurance on farmers’ income

Scholars’ views are divided into two major sides in studying the impact of agricultural insur-
ance on farmers’ income. Some believe that agricultural insurance positively affects agricul-
tural output and farmers’ income, and others hold the opposite view. As early as the 1980s,
Yamauchi [10] used farmers who purchased rice insurance in Aomori Prefecture, Japan, as the
research object. He found that compulsory agricultural insurance helped stabilize farmers’
income, especially in severe disasters. Xavier et al. [11] studied farmers who purchased storm
insurance in southern India and found that agricultural insurance effectively increased the
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income of the local farmers. Hosseini & Gholizadeh [12] and Enjolras [13] found that agrarian
insurance can positively reduce farmers’ income volatility and increase farmers’ income.
Scholars such as Leatham [14] conducted field investigations on the development of agricul-
tural insurance in North Dakota, the United States, and concluded that for every dollar of
agrarian insurance compensation farmers receive, their final income would increase by $1.03.
Barry [15] concluded through statistics that farmers’ income in the years exposed to agricul-
tural risks exceeds more than half of the normal production years, which illustrates the positive
impact of agricultural insurance on farmers’ income. Babcock and Hart [16], Glauber et al.
[17], in their research results, all believe that although agricultural insurance increases agricul-
tural output, it will shift the supply curve to the right, and thus the price of agricultural prod-
ucts will fall, but it will not necessarily increase farmers’ income in the end. Through statistical
data testing, Robert et al. [18] found that the impact of agricultural insurance on farmers’
income is not necessarily significant, and even in some years, the two have a reverse
relationship.

2.3. Research on the nature of agricultural insurance

For the research on the nature of agricultural insurance, many scholars believe that agricultural
insurance has the attribute of public goods. For example, in Tuo and Wang’s [19] study, agri-
cultural insurance has both the attributes of private goods and public products, a quasi-public
product. Feng & Su [20] also believe that agricultural insurance is not a personal good; it has
apparent externalities. Zhang [21] proposed that the failure of the agricultural insurance mar-
ket is precisely due to its positive externalities. Zhang and Chen [22] proposed that agricultural
insurance should be carried out as a government’s beneficial agricultural project rather than a
purely commercial operation. Zhang [23] further proposed that the government should adopt
diversified subsidy methods to support the healthy development of agricultural insurance. Liu
and Sun [24] also believe that implementing premium subsidies can further promote farmers’
willingness to participate in agricultural insurance.

2.4. Research on the impact of agricultural insurance on agricultural
output

Many scholars have researched agricultural insurance and agricultural output. Most scholars
believe there is a significant positive correlation between agricultural insurance and agricul-
tural output. Akinrinola & Okunola [25] evaluated the success of the Nigerian Agricultural
Insurance Scheme’s goals in Ondo State. The study demonstrates that the farmers’ participa-
tion in the insurance program was solely motivated by their ability to get financing. On the
other hand, the farmers claimed that more investments had led to higher gains in output.
Scholars such as Feng [26] and Fei [27] believe that agricultural insurance can promote agrar-
ian output to a certain extent. Zhou & Zhao [28] and Wang [29] used a dynamic panel model
to conduct empirical analysis and concluded that agricultural insurance has largely promoted
agricultural production. Scholars such as Huang & Pu [30], Cheng et al. [31], and Jiang &
Zhang [32] also believe that agricultural insurance can increase agricultural output.

In contrast, some scholars do not believe there is a strong relationship between these two.
For example, Zhang et al. [33] assume that under the condition that the level and proportion
of agricultural insurance subsidies are low, the total production of agricultural products will
not significantly change. Hu [34] analyzed the impact of agricultural insurance on agricultural
production capacity by hypothesis testing, and the results showed that the impact is almost
non-existent, and there is no significant correlation between agricultural insurance and food
production.
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2.5. Research on the direction and path of agricultural insurance’s impact
on farmers’ income

Some scholars have researched the issue of agricultural insurance on farmers’ income. Jiang
[35] believes that agricultural insurance under financial subsidies significantly affects farmers’
income. Yuan et al. [36], Sun & Chen [37] analyzed based on the data of Jilin Province and
found that agricultural insurance also promoted the income growth of local farmers to a cer-
tain extent. Zhang & Sun [38] used panel data from 31 provinces across the country to perform
a cluster analysis and found that agricultural insurance played a certain role in promoting the
growth of farmers’ income from a national perspective. However, other scholars believe that
the impact of agricultural insurance on farmers’ income is not necessarily noticeable. For
example, through cluster analysis, Yang and Shi [39] found that china’s agricultural insurance
did not significantly increase farmers’ income. Hou et al. [40] also pointed out that agricultural
insurance plays a small role in promoting farmers’ income growth. Zhu & Tao [41] tested the
impact of agricultural insurance on farmers’ income through panel data and found that agri-
cultural insurance not only does not Promote the increase of farmers’” income but also has a
significant negative effect.

Scholars have different opinions regarding agricultural insurance’s impact on farmers’
income. Zhou et al. [42] believe that agricultural insurance can protect farmers’ income, but
this protective effect only appears in post-disaster compensation. Zhang & Sun [38] used clus-
ter analysis to divide 31 provinces into six regions and used the Hausman test method and gen-
eralized least squares (GLS) estimation method to conduct empirical research and found that
agricultural insurance can significantly increase farmers’ operating income. According to
them, the effect of agricultural insurance on financial subsidies is more prominent. Fei et al.
[43] believe that agricultural insurance reduces the fluctuation of farmers’ income through the
payment of indemnities and the promotion of agricultural technology by insurance compa-
nies. Lu et al. [44] stated that agricultural insurance is carried out through financial subsidies
in the form of transfer payments to increase farmers’ income, and there are obvious differences
in the internal mechanisms of farmers’ income increase in eastern and western China.

3. Research methodology

This article analyzes many Chinese and foreign agricultural insurance documents on agricul-
tural production and farmers’ income and documents on the development of agricultural
insurance in Guangdong Province. It sorts out the mechanism and path of agricultural insur-
ance’s impact on farmers’ income and further analyzes the impact of agricultural insurance on
farmers’ income. At the same time, it also analyzes other related factors affecting farmers’
income, which provides a certain basis for the selection of control variables in the empirical
analysis of this article. In addition, we have considered related theories, such as expected utility
theory, welfare economics affect approach, and non-Walrasian equilibrium theory, to explore
their application in agricultural insurance and provide a foundation for a thorough under-
standing of the nature of agricultural insurance. That helped us for improving the theoretical
level of this article.

Considering the availability and completeness of the data, the per capita disposable income
of farmers reflecting the income level of farmers is selected as the explanatory variable. The rel-
evant indicators of the development level of agricultural insurance are used as the explanatory
variables. The urbanization rate, mechanization level, industrial structure, and agricultural
investment level are added as control variables. The data studied in this paper are all from the
China Insurance Yearbook from 2011 to 2020, the Guangdong Statistical Yearbook from 2009
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to 2020, the Guangdong Rural Statistics Yearbook, the China Rural Research Database, and
the Chinese Rural Research Database.

The empirical analysis is an important research method for this article. After referring to
the practice of Zhou (2018) and other scholars, this article uses ordinary least squares, fixed
effects, and system generalized moment estimation methods to analyze whether agricultural
insurance impacts farmers’ income. On this basis, referring to Shi [2] and Li [45], a panel
threshold model was established to test the characteristics of the impact of agricultural insur-
ance on farmers’ income. First, by collecting and sorting out the relevant data of 20 cities in
Guangdong Province (except Shenzhen) from 2009 to 2019, establish a static panel model, use
Stata 15 software to operate, and compare the results obtained with the estimated results of the
dynamic panel model. Next stage, we analyzed the test results of the system GMM that consid-
ers the endogenous problem. Subsequently, a panel threshold model was established to test
whether there is a threshold value for agricultural insurance density and per capita compensa-
tion. Finally, an objective, standardized, and rigorous empirical analysis conclusion can be
drawn to test whether the hypothesis in this article is correct, and this article is summarized
research conclusions accordingly.

A statistical income probability distribution method is adopted to explore further the role
of agricultural policy insurance in guaranteeing farmers’ income. After analyzing, we have
made the following four hypotheses:

(1) The risk hazards faced in the agricultural production process are lucid; the hazards
either occur or do not occur. The probability of occurrence is set to P, and the likelihood of
non-occurrence is 1-P. And 0<P<1.

(2) The income of farmers in production and operation obeys the binomial distribution:
either no loss occurs, and the income is Y at this time, or there is a loss, and the loss causes the
current production and operation income to be 0.

(3) Assuming that farmers’ proficiency in production technology, crop quality, and other
factors are consistent, there are two ways for farmers to avoid production risks: participating
in agricultural insurance (M) and not participating in agricultural insurance (N).

(4) assuming that the premium of agricultural insurance is B. The government subsidy
ratio for agricultural insurance is L. When the loss does not occur, the farmer’s income is Y.
Otherwise, it is 0, but at this time, the actual income obtained by the farmer who purchases
agricultural insurance is A, 0<A<Y.

Therefore, the income probability distributions of farmers who purchase policy-based agri-
cultural insurance and those who do not purchase policy-based agricultural insurance are
obtained when risks occur and when risks do not occur, as follows (Table 1):

From Table 1, it can be concluded that the expected benefits of farmers who purchase agri-
cultural insurance and those who do not purchase agricultural insurance are:

E(M)=P(A—B)+(1—P)(Y-B)=(1-P)Y+PA—B=(1-P)Y+¢ (1)

E(N) = Y(1 — P) 2)

Table 1. Income probability distribution of farmers buying and not buying agricultural insurance when risks
occur and when they do not occur.

Whether to purchase agricultural insurance Risk | Accident occurred (P) |No risk accident occurred (1-P)
purchase M A-B Y-B
No purchase N 0 Y

https://doi.org/10.1371/journal.pone.0274047.t001
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Let ¢ = PA-B, where PA is the insurance compensation farmers who purchase agricultural
insurance expect to receive. If the amount is equal to the premium B paid when buying agricul-
tural insurance, the farmers believe that there is no need to participate in the insurance, so the
enthusiasm for buying agricultural insurance is not high. However, since most of the existing
agricultural insurance in Guangdong Province is policy-based, the government subsidizes
farmers’ premiums relatively. Therefore, the premiums paid by farmers themselves must be
lower than the expected indemnity PA, ¢ = PA— The existence of B = PA—(1-L)B>0 means
that farmers’ participation in agricultural insurance can increase their expected income.
Therefore, theoretically, agricultural insurance can increase farmers’ expected income.

To study the impact of agricultural insurance on farmers’ income, we must first sort out the
mechanism of agricultural insurance’s effect on farmers’ income. The impact of agricultural
insurance on farmers’ income is complex to a certain extent. After sorting out and thinking
about the previous research results, this paper believes that the effect of agricultural insurance
on farmers’ income is mainly transmitted through direct and indirect paths. For reference,
Zhou [46], Wang [47], and Li [48] put forward the idea which summarizes the impact of agri-
cultural insurance on farmers’ income into direct and indirect mechanisms, as shown in Fig 1.

This paper studies the impact of agricultural insurance in Guangdong Province on farmers’
income. Considering the availability and completeness of the data, the per capita disposable
income of farmers, which reflects the income level of farmers, is selected as the explanatory
variable, and indicators related to the level of agricultural insurance development are used as
the explanatory variable. Then add urbanization rate, mechanization level, industrial structure,
agricultural investment level, etc., as control variables. The data studied in this article are from
the "China Insurance Yearbook" from 2011 to 2020, the "Guangdong Statistical Yearbook" and
"Guangdong Rural Statistical Yearbook" from 2009 to 2020, the China Rural Research Data-
base and AREMOS China Agricultural Statistics Database collects and sorts out the required
data indicators.

4. An empirical analysis of the effect of Guangdong agricultural
insurance on farmers’ income increase

This article uses agricultural insurance density (ind), Per capita income of farmers (y), and per
capita compensation expenditure (ex) to express the development level of agricultural insur-
ance, which are measured by agricultural insurance premium income/rural population and
agricultural insurance indemnity expenditure/rural population, respectively. Agricultural
insurance density refers to farmers’ expenditure in a certain area to transfer risks during the
production process, that is, the average insurance premium paid by farmers, which can reflect
the level of agricultural insurance development in a region. The greater the agricultural insur-
ance density, the greater the level of agricultural insurance development in the region. The
higher the value, the more obvious the role of agricultural insurance in protecting farmers’
income. Per capita indemnity expenditure refers to the insurance indemnity compensation
received by farmers due to disasters—the post-disaster effect of agricultural insurance to help
farmers resume reproduction and stabilize farmers’ income. Generally speaking, the larger the
value, the higher the development of agricultural insurance. However, when the insurance
compensation expenditure is large, it also means that there are many risk accidents and the
farmers suffer a lot. Therefore, from the perspective of theoretical analysis, the direction of this
indicator’s impact on farmers’ income levels cannot be determined.

To study the impact of agricultural insurance on farmers’ income and consider the core
variables, to be rigorous in the empirical analysis, it is also necessary to consider other factors
affecting farmers’ income. Based on the existing research results of the predecessors and
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Fig 1. A road map of the impact of agricultural insurance on farmers’ income. Source: authors’ elaboration.

https://doi.org/10.1371/journal.pone.0274047.9001

considering the actual situation that affects farmers’ income, this paper selects the other five
control variables, which are as follows: (1) The level of urbanization (urb). Based on the partic-
ularity of China’s urban-rural dual structure, although Guangdong Province has a highly
developed economy, there is still a gap between urban and rural areas. Urbanization is an inev-
itable process of local social development. Wang [49] found that the level of urbanization is
related to farmers’ income. Wang’s [50] research directly proposed that the urbanization rate
can effectively increase farmers’ income. (2) The level of agricultural mechanization (mec). The
level of agricultural mechanization refers to the proportion of machinery and equipment used
in agricultural production in the total workload. Traditional production methods require sub-
stantial labor costs, while advanced production technology can save agricultural production
costs, improve agricultural production efficiency, and increase farmers’ income to a certain
extent. (3) Industrial structure (ins). In economic accounting, the gross product value of a
country or a region is mainly composed of the output value of the primary, secondary, and ter-
tiary industries, and the industrial structure refers to the proportion of each industry’s three
major industries. (4) Agricultural investment level (inv). The level of agricultural investment
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Table 2. Detailed explanation of each variable.

Variable variable name symbol definition
Explained variable Farmers’ income level Y Per capita disposable income of farmers
Explanatory Agricultural insurance density ind Agricultural insurance premium income/rural population
variables
Insurance compensation per ex Agricultural insurance compensation expenditure/rural population
capita
Control variable Urbanization level urb The annual population of permanent residents in cities and towns/total population of each city
Agricultural mechanization level | mec Total mechanical power at the end/planting area of crops of the year
Industrial structure ins The gross output value of the primary industry/Gross output value of the three major industries
Agricultural investment level inv | Fixed asset investment in agriculture, forestry, fishery, and animal husbandry/ total social fixed asset
investment
Per capita planting area of crops | area The sown area of crops/rural population

Source: authors’ elaboration

https://doi.org/10.1371/journal.pone.0274047 1002

Table 3. Descriptive statistics for each variable.

variable mean
Y 147.13
ind 59.17
ex 37.58
ins 10.42
area 4.99
mec 0.49
urb 61.23
inv 2.18

Source: authors’ calculation

represents the degree of importance the government and social capital attach to agricultural
production. The more significant the value, the more fixed assets are used in agricultural pro-
duction, including modern machinery and equipment, high-quality seeds, fertilizers, etc.,
which can positively promote agricultural output. (5) The per capita planting area of crops
(area). Taking this indicator as one of the control variables, it is mainly considered that the
planting area of crops is one of the important factors affecting agricultural output. Zhou [46]
believes that under certain production technologies, the larger the per capita planting area of
crops, the greater the value of agricultural output.

4.1. Model construction

The time selected for the empirical analysis data in this paper is the relevant data of each city
(except Shenzhen) in Guangdong Province from 2010 to 2019. The specific representation
methods and data characteristics are shown in Table 2, and descriptive statistics for each vari-
able are in Table 3.

This paper refers to the modified C-D production function of Zhou et al. [42] and Clarke
etal. [51]. The following static panel measurement model is established, initially using ordi-
nary least square & Two methods of multiplication and panel fixed effects are used for

standard deviation minimum median maximum value number of variables
62.500 56.450 135.820 359.040 200
60.440 0.020 40.890 412.710 200

55.750 0.140 17.710 537.280 200

6.940 0.300 10.750 25.120 200

1.480 2.190 4910 8.750 200

0.370 0.140 0.370 2.210 200

18.540 35.060 54.700 95.000 200

2.180 0.002 1.440 8.436 200

https://doi.org/10.1371/journal.pone.0274047.t1003
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estimation.

Yiz = C+ flindez + f2inscz + f3areacs + fdmeces + fSurbez + finv,, (3)

Yiz = C + flexéz + f2inscz + f3areacs + fdmecez + fburbez + fiinv (4)

Among them, C is a constant term, and the value of i is 1-20, which means that in the 20
prefectures and cities in Guangdong Province except for Shenzhen, the value of t is 1-10,
which means 2010-2019. ind<Z, ex<Z, inscZ, areacZ, meccZ, urbsz, inveZ respectively
refer to the agricultural insurance density, agricultural insurance per capita planting area of
agricultural insurance, percentage of mechanized agricultural investment per capita, percent-
age of agricultural investment in the first industry, the proportion of agricultural investment
per capita, and the proportion of agricultural investment per capita. Data in year t in the i-th
city. Considering that the static panel model ignores the endogenous problem of the lag term
of the explained variable, the estimation result may be biased.

Therefore, the dynamic panel model is further established, and the specific expression form
is as follows:

Y,, =C+I9LY + B,ind,, + f,ins_, + f,area,, + f,mec,, + B urb,. + f4inv,, (5)

Y, =C+ 9L.Y + f,ex,, + f,ins,, + f,area,, + f,mec,. + f;urb,. + fi;inv,, (6)

Among them, L.Y refers to the per capita income of farmers in the ith city in year t-1, that
is, the per capita income of farmers in year t

The above model tests the linear relationship between agricultural insurance and farmers’
income, but it fails to consider the non-linear relationship. To further explore the impact of
agricultural insurance on farmers’ income, this article adds a threshold effect model to exam-
ine whether the impact of agricultural insurance’s pre-disaster and post-disaster effects on
farmers’ income has a threshold effect and refers to the practice of Lin [52]. Set as a single
threshold effect, as follows:

Yiz = C + flexez + olindéZ(indez > 1) + o2inde¢Z (indez
> 1) + pdinscz + fbareacs + f6meces + fTurbez + f8inves (7)

Yiz = C+ Plindez + alexcz (exeZ < yl) + a2exis (excs
< yl) + pdinscZ + pbareacs + f6meccz + fTurbez + f8invez (8)

ol and o2 are coefficients, and y1 is the threshold value. The above two models respectively
study whether the impact of agricultural insurance density and agricultural insurance per cap-
ita compensation on the per capita income of rural residents shows significant differences
within different threshold intervals to study further the characteristics of agricultural insur-
ance’s impact on farmers’ income.

4.2. Panel data unit root test

Before processing panel data containing time series, to avoid using non-stationary series data
for regression, the phenomenon of "pseudo-regression” usually appears the stationarity of the
data must be tested first. This article’s type of panel data is similar to that of Zhou et al. [42].
Therefore, this article refers to the practice of previous scholars and uses the LLC unit root test
method to verify whether the panel data is stable. The null hypothesis of the LLC test is that
there is a common unit root. The test results are shown in Table 4. The P-value of each variable
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Table 4. Unit root test results.

variables Adjusted t-value p-value Stationarity
Y -4.145 0.0000"** yes

ind -3.671 0.0001*** yes

ex -3.611 0.0002*** yes

ins -8.564 0.0000"** yes

area -17.297 0.0000"** yes

mec -6.666 0.0000"** yes

urb -2.997 0.0014*** yes

fix -10.797 0.0000"** yes

Note

“** indicates rejection of the null hypothesis p<0.01. source: authors’ calculation

https://doi.org/10.1371/journal.pone.0274047.t1004

test is less than 0.01. The null hypothesis is rejected at the 1% significance level, indicating that
all variables do not contain unit roots. Therefore, the next step of regression analysis can be
performed on this variable data set, and no "pseudo-regression" problem indicates that the
null hypothesis is rejected at the 1% significance level.

5. Empirical test results
5.1. Direct mechanism

(1) and (2) in Table 5 are the estimation results using the ordinary least squares method and
panel fixed effect. The former ignores the individual differences among the 20 cities in Guang-
dong Province, while the panel fixed effect improves this problem. The result is better than the
former. However, neither of the above two static panel models can account for the lagging
items of farmers’ income, which will cause a large gap between the regression results and real-
ity. Therefore, this paper also uses the System GMM (System GMM) method to estimate. This
method considers the individual differences between each city’s samples and avoids the endog-
enous problem caused by the autocorrelation of the farmers’ income lag. From the P value of
AR(2) and the P value of Sargan’s test, we can see that the system GMM model does not have
second-order autocorrelation, nor does it have the problem of over-recognition and the esti-
mated result is relatively reliable.

Judging from the test results of the three models, the agricultural insurance density is posi-
tively correlated with farmers’ income to different significant degrees. According to the above
analysis, the system generalized moment estimation results are considered to be better than
the other two methods. Therefore, the following analysis will be based on the test results of this
method. From the results in Table 5, it can be seen that the lag term (LY) of farmers’ income is
significantly positively correlated with farmers’ per capita income (Y) at the level of 1%, indi-
cating that the previous period’s per capita income of farmers will positively affect the current
period’s income. Per capita income of farmers. At the same time, the current agricultural
insurance density also has a significant positive impact on farmers’ income. The estimated
coefficient is 0.017, which means that when the agricultural insurance density increases by 1
unit, farmers’ income can increase by 0.017 units.

Although farmers may experience a decrease in income in the short term after paying pre-
miums, in the long run, this conclusion is consistent with the operating conditions of agricul-
tural insurance. The density of agricultural insurance represents agricultural insurance
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Table 5. Static and dynamic model test results of agricultural insurance direct mechanism on farmers’ income.

variable (1) Ordinary least squares method (2) Fixed effect (3) System GMM
LY 0.947***
(88.130)
ind 0.355%** 0.106* 0.017***
(8.660) (1.920) (4.000)
ins -2.079** -1.966 3.926***
(-2.360) (-1.03) (12.370)
area 2.811 1.457 -5.238"**
(1.65) (0.430) (-11.190)
mec 92.502*** 119.183*** -1.247
(10.130) (7.420) (-0.250)
urb 0.426 12.599*** 1.915%**
(1.120) (7.760) (18.050)
fix -0.988 0.420 0.198
(-0.730) (0.270) (0.740)
Constant 64.315* -676.921*** -112.836%**
(2.250) (-6.450) (-16.560)
AR(1) 0.097
AR(2) 0.278
Sargan 1.000

Note: (1) The t statistic is reported in parentheses

*** p<0.01
** p<0.05
* p<0.1

(2) AR(2) means that the residual after the first-order difference is doubled. The P-value obtained by the first-order serial correlation test, when P>0.05, indicates that

there is no second-order serial correlation problem; (3) Sargan’s P-value is used to test whether there is an over-identification problem. When P>0.05, it indicates that

there is no over-identification problem. Source: authors elaboration

https://doi.org/10.1371/journal.pone.0274047.t1005

coverage in a certain area, and an increase in the density of agricultural insurance represents
more farmers in the area. Under normal circumstances, insurance companies will provide pro-
fessional disaster prevention and loss prevention services for participating farmers, including
training, donations of materials, etc., to improve farmers’ ability to prevent risks, thereby
reducing the probability of risks caused by human factors. When risks occur, the degree of loss
of farmers’ income can also be reduced through mitigation work, and this positive effect will
be reflected as the insurance company’s underwriting experience and service level improve.
Therefore, the increase in agricultural insurance density will positively impact farmers’ income
in the long run. Secondly, after participating in agricultural insurance, farmers can be more
daring to try new technologies in the production process, thereby increasing the efficiency of
agricultural output and helping farmers increase their income. Schultz [53] proposed that the
popularization of agricultural insurance can change the risk appetite of farmers to a certain
extent, is conducive to the promotion of advanced agricultural technology, and helps to pro-
mote farmers’ income.

Furthermore, using agricultural insurance can encourage farmers to expand their produc-
tion scale. Cai et al. [54] took a live pig and reproductive sow insurance as examples. Both
found that farmers who purchased live pigs and reproductive sow insurance will further
expand the production scale, thereby significantly increasing the value of output and boosting
income. Finally, most of the agricultural insurance currently on the market enjoys financial
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subsidies from the central or local governments. After the effect of financial support for agri-
culture and farmers is reflected through the role of agricultural insurance, it can promote the
development of rural finance and economy in the region, and increasing Farmers’ income also
has a beneficial effect.

Therefore, it is reasonable to believe that increasing agricultural insurance density can sig-
nificantly increase farmers’ income, and the previous hypothesis is valid.

5.2. Indirect mechanism

To test the impact of the indirect mechanism of agricultural insurance on farmers’ income, we
continue to use farmers’ income (Y) as the explained variable and agricultural per capita com-
pensation as the core explanatory variable. Other control variables remain unchanged. The
test results are listed in Table 6. The test result also considers the impact of the farmers’ income
lag. At the same time, the P values of AR(2) and Sargan tests are greater than 0.05, indicating
that there are no second-order series correlation and over-identification problems.

The results show that agricultural insurance’s per capita compensation expenditure (ex)
positively correlates with farmers’ income at a significant level of 1%. The estimated coefficient
is 0.035, which means that when the per capita compensation for agricultural insurance
increases by one unit, the per capita income of farmers can increase by 0.035 units. First, when
a disaster occurs in agricultural production and operation and causes losses, insurance compa-
nies can reduce the loss of farmers by paying insurance indemnities and allowing farmers to
have the funds to continue production and quickly resume reproduction. Secondly, due to the
different subsidy ratios and protection levels of different agricultural insurance types, farmers
may adjust the agricultural production structure based on the previous agricultural losses and

Table 6. The static and dynamic model test results of the indirect mechanism of agricultural insurance on farmers’ income.

variable
LY
ex
ins
area
mec
urb
fix
Constant
AR(1)
AR(2)
Sargan

(1) Ordinary least squares method (2) Fixed effect (3) System GMM
0.959***
(75.730)
0.315%** 0.108** 0.035***
(7.100) (2.570) (3.790)
-1.814* -2.296 4255
(-1.970) (-1.200) (9.590)
5.540"** 1.539 -4.815%**
(3.210) (0.460) (-9.250)
90.659*** 116.340"** -6.025
(9.460) (7.290) (-0.870)
0.273 13.049*** 1.955%**
(0.680) (9.970) (11.760)
-1.462 0.341 0.246
(-1.030) (0.220) (0.980)
68.413** -697.659*** -121.515%**
(2.280) (-7.790) (-8.690)
0.093
0.298
1.000

Note: Ex in the table represents the per capita indemnity of agricultural insurance, and the meanings of other items are the same as those in Table 5. Source: authors’

calculation

https://doi.org/10.1371/journal.pone.0274047.t1006
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are more inclined to choose crops with high-risk protection and large subsidy ratios to opti-
mize production structure, helping stabilize income. Furthermore, for areas where risks fre-
quently occur, on the one hand, insurance companies will adjust premiums and underwriting
conditions accordingly to improve risk management; on the other hand, farmers will not only
increase risk prevention awareness after receiving compensation from risks, Can also further
realize the vital role of agricultural insurance, thereby increasing the insurance rate to ensure
the stability of agricultural production and operation. Finally, because of the economic com-
pensation function of agricultural insurance, it can guarantee crops and provide a suitable
environment for promoting the development of rural finance. At present, emerging financial
business models such as policy credit enhancement and policy mortgage loans are being pro-
moted, which supports the economic development of rural areas and thereby encourages the
increase of farmers’ income.

In addition, the test results found that the industrial structure (ins), urbanization rate (urb),
and per capita planting area of crops significantly impact farmers’ income. The proportion of
the agricultural industry structure is positively correlated with farmers’ income. Even though
the proportion of the primary industry in the three industries in Guangdong Province is grad-
ually decreasing, and farmers’ income is gradually increasing, the proportion of the industrial
structure will change in the long run, Which represents the continuous adjustment and opti-
mization of the industrial structure, and the continuous improvement of social resource utili-
zation efficiency. From the perspective of economics, improving resource utilization efficiency
promotes the overall economic level of society, thereby increasing farmers’ income. With the
acceleration of urbanization, more laborers will be transferred to cities and towns, and the
number of farmers engaged in agricultural production will decrease. Those who stay in the
countryside will have the opportunity to obtain more means of production and land for opera-
tion, which will help increase farmers’ income.

5.3. Threshold effect on farmers’ income

To further study whether there are threshold characteristics for the impact of agricultural
insurance on farmers’ income, this paper continues to use the threshold effect model to con-
duct empirical testing and put the agricultural insurance density and compensation into the
inspection model.

The threshold effect test is first performed on the model to determine the number of thresh-
olds. The test results are shown in Tables 7 and 8. At a significance level of 1%, for formula (5-
5) under the null hypothesis with 1 threshold effect, the statistic of F is 20.15, and the P-value
is 0.0933. The test result shows that it cannot be rejected. The original hypothesis indicates that
agricultural insurance density’s impact on farmers’ income has a single threshold effect, and
the threshold value is 28.861. The test results of (formula 8) have the same characteristics, the
P-value is 0.07, and the threshold value is 14.892. In the double-threshold test, both p-values

Table 7. Test results of threshold effect of agricultural insurance density.

hypothetical test F statistic P-value 10% threshold 5% threshold 1% threshold
Single 20.150 0.0933*** 19.829 23.939 34.718
Double 9.030 0.300 13.399 15.772 20.967
Threshold v, 28.681

Note

“** means significant at p<0.01

https://doi.org/10.1371/journal.pone.0274047 1007
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Table 8. Agricultural insurance per capita threshold effect of indemnity test result.

hypothetical test
Single

Double
Threshold v,

Note

F statistic
15.310
5.190
14.892

P-value
0.0700***

0.630

“** means significant at p<0.01. source: authors’ calculation

https://doi.org/10.1371/journal.pone.0274047.t008

10% threshold

5% threshold
17.591
13.187

1% threshold
23.584
20.848

are greater than 0.1, accepting the null hypothesis that "there is no double-threshold," indicat-
ing no threshold effects of 2 or more.

Table 9 shows the estimation results of the model parameters of agricultural insurance den-
sity and farmers’ income sheet threshold. The threshold estimation results show that the

threshold value of agricultural insurance density is ind = 28.681. Regardless of whether the

threshold is crossed or not, agricultural insurance density positively correlates with farmers’
income at a significant level of 1%. At the same time, when agricultural insurance density ind
<28.681, the positive correlation coefficient of agricultural insurance density on farmers’
income is greater. This shows that compared with areas with higher agricultural insurance
density, each increase in insurance density has a greater impact on farmers’ income in areas

with lower agricultural insurance density.

Table 10 shows the estimation results of the model parameters of agricultural insurance per
capita compensation and farmer’s income statement threshold. The threshold estimation
results show that the threshold value of agricultural insurance per capita compensation is
ex = 14.892. Similar to the agricultural insurance density threshold estimation result, whether
above or below the threshold, the per capita compensation of agricultural insurance can always
positively affect farmers’ income at a significant level of 10%. At the same time, when the per
capita compensation ex of agricultural insurance is less than 14.892, the positive correlation
coefficient of the per capita compensation of agricultural insurance to farmers’ income is
greater. Increasing a unit’s insurance compensation has a greater impact on farmers’ income.

Generally speaking, agricultural insurance has less impact on farmers’ income in areas with
higher agricultural insurance density and higher per-capita insurance indemnities. In areas
with lower agricultural insurance density and lower per capita insurance indemnities, agricul-
tural insurance significantly impacts farmers’ income bigger. This phenomenon shows that
although agricultural insurance has a significant positive impact on farmers’ income, the effect
of agricultural insurance on the increase of farmers’ income is not infinite. As a risk

Table 9. Parameter estimation results of agricultural insurance density and farmer income threshold model.

Variable
ins

area

mec

urb

inv

ind <28.681
ind >28.681

Note

Coefficient
-2.097
4.316
131.311
12.446
0.125

1.128
0.148

Standard error
1.828

3.274

15.610

1.551

1.483

0.249

0.054

“** means significant at p<0.01. source: authors’ calculation

https://doi.org/10.1371/journal.pone.0274047.t009

t value
-1.150
1.320
8.410
8.020
0.080
4.540
2.760

p-value
0.253
0.189
0.000
0.000
0.933
0.000"**
0.006™**

95% confidence interval
-5.705

-2.147

100.503

9.385

-2.803

0.637

0.0419

1.511
10.779
162.118
15.507
3.052
1.618
0.253
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Table 10. Parameter estimation results of agricultural insurance per capita indemnity and farmers’ income single threshold model.

variable coefficient
ins -1.792
area 0.981
mec 117.468
urb 14.528
inv 0.033
ex <14.892 1.547
ex >14.892 0.117

Note

standard error t-value p-value 95% confidence interval
1.858 -0.960 0.336 -5.459 1.875

3.235 0.300 0.762 -5.405 7.366
15.517 7.570 0.000 86.841 148.094
1.345 10.800 0.000 11.872 17.183
1.490 0.020 0.982 -2.907 2.974

0.429 3.610 0.000"** 0.700 2.393

0.041 2.850 0.005*** 0.035 0.198

*** means significant at the p<0.01. source: authors’ calculation

https://doi.org/10.1371/journal.pone.0274047.t1010

management tool, agricultural insurance can increase farmers’ income to a certain extent from
the perspective of transferring risks and guaranteeing production, but it cannot be used as the
fundamental driving force to increase farmers’ income. In addition, participating in agricul-
tural insurance requires a certain cost, and holding agricultural insurance activities requires
realistic risk requirements. Otherwise, it will increase the burden of farmers’ insurance premi-
ums; farmers may be interested in agriculture in areas with high agricultural insurance density.
Higher insurance dependence slack in daily operation and management is more likely to
occur moral hazard, which is detrimental to farmers’ income growth. In areas with low agricul-
tural insurance density, farmers pay more attention to production management and take more
proactive measures to prevent them. Risk, at this time, every increase in the density of agricul-
tural insurance by one unit will bring more obvious effects on farmers’ income.

The high per capita compensation for agricultural insurance does not necessarily mean that
agricultural insurance development is higher. It may be due to improper operation and man-
agement of agricultural insurance and immature mechanisms that have led to increased com-
pensation due to the serious damage to local agriculture. Insurance companies have increased
compensation expenditures. However, even with insurance protection, it may not cover farm-
ers’ income fully. It is not surprising that all losses have a small impact on farmers’ income
when per capita compensation is large. In addition, from an economic point of view, when
farmers receive less indemnity, each additional unit of indemnity can bring A greater marginal
effect; at this time, agricultural insurance significantly impacts farmers” income.

6. Conclusion

This paper uses static and dynamic panel models to test whether agricultural insurance signifi-
cantly impacts farmers’ income increases. This study uses the ordinary least squares method,
panel fixed effects, and system generalized moment estimation test. This article analyzes the
system’s generalized moment estimation results considering the endogenous problem by
selecting test results. The test results show that the increase in agricultural insurance density
and the increase in agricultural insurance per capita compensation positively impact farmers’
income growth significantly. Agricultural insurance density and agricultural insurance per
capita compensation are the indicators used in this article to measure the level of agricultural
insurance development. Therefore, it can be considered that the development of agricultural
insurance in Guangdong Province can effectively increase the income level of farmers.

The threshold model test found that in different insurance density ranges and insurance
compensation areas, the effect of agricultural insurance on farmers’ income is significantly dif-
ferent. In areas with low agricultural insurance density, the impact of agricultural insurance on
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farmers’ income is more significant than in High-density areas. We believe farmers will pay
more attention to daily production and operation management in areas with low agricultural
insurance density and low per capita compensation to prevent future risk losses. The participa-
tion of agricultural insurance will not make them slack in management; on the contrary, It will
increase their confidence in the current output and psychological expectations and make them
more actively carry out production activities to increase their income levels. In areas where
agricultural insurance density is high and per capita compensation is high, farmers may
become dependent on insurance to a certain extent, and even moral hazards may occur, and
management slack may occur. Although the economic compensation function of agricultural
insurance can stabilize their income, it is not the Source of motivation for increasing farmers’
income. It should also be based on the scale of production and the level of agricultural mod-
ernization to improve farmers’ income.

From the above conclusion, we would like to suggest improving system design and vigor-
ously promoting the development of agricultural insurance in Guangdong Province. Insurance
subsidies must be carefully planned to be "smart," in the sense that they are efficient in accom-
plishing their fundamental goals, reduce difficulties with disincentives, and do not add to the
government’s mounting financial burden. Governments should also ensure that the funda-
mental public goods required to establish an environment conducive to insurance are in place
before subsidizing insurance since, without them, neither insurance markets nor subsidies can
be expected to function as intended [55]. Although policy-oriented agricultural insurance
boosts farmers’ incomes overall, it has a considerable variability on farmers in various income
brackets, and this effect is stronger as farmers’ incomes rise [56]. In the future, China should
place a high priority on the design of a differentiated subsidy system and adhere to the princi-
ple of demand orientation to prevent agricultural insurance from becoming the catalyst for a
widening income gap in rural areas as a result of its aggressive development of policy-based
agricultural insurance over time.

Thus, related government departments and insurance companies must do their respective
jobs efficiently. New policies should strengthen disaster prevention and loss prevention and
improve post-disaster compensation levels. It is also suggested to divide risk areas and scientif-
ically determine insurance rates. Furthermore, the government should Increase publicity in
relatively backward areas and increase farmers’ willingness to apply for insurance.

This paper mainly studies the impact of agricultural insurance in Guangdong Province on
farmers’ income. The research method specifically compares the empirical results of the static
panel model and the dynamic panel model and uses the threshold effect model to explore the
characteristics of the impact of agricultural insurance on farmers” income. Although there are
certain innovations in research perspectives and ideas, this article has some shortcomings due
to limited research capabilities. On the one hand, due to the difficulty of data collection, this
article uses annual panel data from 20 cities in Guangdong Province. The results of the empiri-
cal regression may deviate slightly from reality. In the selection of control variables, we mainly
refer to previous studies. The selection of indicators may not be typical factors affecting farm-
ers’ income in Guangdong Province. We have not screened and analyzed the indicators that
may affect the explained variables one by one. In addition, this article’s research angle and
thinking direction may have certain limitations, and it is impossible to consider all the influ-
ence mechanisms, which may also impact the research conclusions.
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